Introduction
The space around the body, called peri-personal space (PPS), is the space where physical interactions between the body and the external world occur. PPS is opposed to the more distant extra-personal space. In the field of neurosciences, neurophysiological studies in monkeys as well as brain imaging and lesion studies in humans have evidenced this dichotomy, and showed that PPS is coded in the brain through multisensory integration mechanisms [1] [2] [3] [4] . This dedicated multisensory representation is thought to have a role in apprehending events occurring in the space near the body, which require the implementation of particularly appropriate and precise behaviors: be it for dealing with imminent threat [4] or for attaining an object of interest [5] . Furthermore, PPS displays flexible boundaries that are sensitive to motor action factors [6, 7] as well as to affective components [8, 9] , so that multisensory integration related to the body can be adaptively boosted according to the context.
In the present study, we investigated whether an experimentally induced high-level contexts, such as a collaborative or a competitive context, would influence low-level multisensory coding of the space around the body, i.e. PPS. Collaborating with a partner constitutes a core element of collective actions [10] , being a necessary component to perform joint actions with others. Participants in a protest, supporters in a stadium are perfect strangers, and are unaware of others actions. However, they know that they are part of a collective action and share a goal together. In contrast, competitive context forces participants to perform selfcentered, individualistic actions. Very few studies focused on the modification of space processing with high-level social manipulation. We hypothesized that social contexts would modulate the boost in multisensory integration linked to the delineation of PPS. Given that PPS is asymmetric for righthanders (right PPS being smaller than left PPS) [11] , we measured PPS extent on both those hemispaces.
Audition has this unique function among the senses to connect the body with the space around it, since unlike vision, it is not restricted to a specific portion of space. We chose to investigate how the integration of auditory and tactile information is modified when audition indicates that an object is coming towards the body, therefore boosting the stimulation of the neurophysiological substrate of an integrated auditory and tactile representation of PPS.
Material and methods
We used a modified version of Canzoneri et al.'s audiotactile integration task [12] . Participants were asked to place their left index finger on a vibrator and to press a button with their right finger each time a tactile stimulus was detected. The tactile stimulus was a vibratory stimulus delivered by means of a 28 mm miniature speaker on the palmar surface of the left index finger of participants. A sinusoid signal was displayed for 20 ms at 250 Hz. An auditory stimulus was presented for 3,000 ms for each trial. A period of silence, with a duration varying between 3,700 and 4,300 ms, occurred between two sound stimuli. The sound source approached from the front hemifield, either from the right (60 ) or from the left hemispace (À60 ). The auditory stimulus was a sound of bubbling water (32 bits quantization, 44,100 Hz sampling rate). In order to simulate the looming source, the sound was processed in the Max/MSP(6.1.8) environment using the Spat library [13] . The simulation consisted in a sound source moving in a virtual shoebox room (650 m 3 ), which first reflexions up to order 3, and late reverberation were rendered dynamically. The time evolution of the direct sound level and of the overall room effect level is described in Table 1 . Values are given with reference to the direct sound level at the closest distance, i.e. 0.20 m. The spatialization of the direct sound and of the first reflexions was rendered using non-individual head related transfer functions (HRTF) taken from the LISTEN HRTF database (http://recherche.ircam.fr/equipes/salles/listen/). In order to enhance the looming effect of the direct sound, binaural nearfield correction filters were used for distance between 2 m and 0.20 m [14] . According to the direction of incidence, the sound pressure level delivered to the ears of the participant was ranging from 35 to 61 dBA and from 37 to 78 dBA, for the contralateral and the ipsilateral ears, respectively. Although non individual HRTFs were used, the risk of mislocalization or lack of externalization was limited thanks to the simulation of the first orders reflexions and late reverberation [15] as well as the use of binaural nearfield corrections. None of the participants reported mislocalization or lack of externalization, and they all confirmed that they could hear clearly sounds from the left and right hemispaces.
Tactile stimuli were delivered at different delays from sound onset (T1, T2, T3, T4, T5, T6, T7, T8, T9). Thus, participants perceived the sound source at different distances from their body when they processed the tactile stimulus (from the farthest distance at T1 to the closest distance at T9) (see Fig. 1(a) ). Unimodal trials in which tactile stimuli were delivered without sound stimulation were used as baseline.
Three different experiments were conducted: the Collaborative experiment, the Competitive experiment and the Audience experiment. Every participant performed the audiotactile task in the main experimental condition -paired with another participant in one of the social context (dyad) -and in the control condition -isolated -. The two participants were seated side by side, at 1 m from each other (see Fig. 1(b) ). Each participant was assigned to the left or right seat and stayed in that position during the whole experiment. The isolated condition was identical in every experiments but the social context in the dyad condition differed between the three experiments. In the Collaborative Experiment, the dyad of participants performed the audiotactile task as a team. We affiliated participants and created a group by giving them a shared goal. We told them that we were recording their global performance as a dyad and not their individual performance. In the Competitive Experiment, the dyad of participants performed the audiotactile task in competition. We told them that at each trial, we were recording only the fastest answer and not their individual performance. In the Audience experiment, only one of the two participants from the dyad performed the audiotactile task while the other one was asked to stay inactive and immobile. This context, in which participants had no common task, was clearly explained to the participants in the instructions.
Results
Eighty-one right-handed individuals with normal audition and touch took part in the study, either in the Audience (n ¼ 26), the Collaborative (n ¼ 26) or the Competitive experiment (n ¼ 29). They provided a written informed consent prior to the experiment, which was approved by the Institutional Review Board of the French National Institute of Health and Medical Research (INSERM, IRB00003888).
First, we verified that sound presence boost tactile detection by comparing RTs in the bimodal trials and the unimodal trials. This was verified for all bimodals delay but one. RTs in T1 trial (in which tactile stimulation occurred at sound onset) were similar to RTs in baseline trials. This result suggest that there was multisensory integration for delays from T2 to T9, thus analysis were conducted on those trials.
For each experiment, we analyzed if the social condition had an impact on the PPS boundaries, taking into account the location of the partner on the participant left or the right side. As we know that the sound hemispace influenced multisensory integration [11] , we performed separated ANOVA for both hemispace, with the between subject factor SEATING POSITION (2 levels: Left/Right) and the within subject factors SOCIAL CONDITION (2 levels: Isolated/In Dyad), and DELAY (8 levels: T2, T3, T4, T5, T6, T7, T8, T9). For each ANOVA, a significance threshold of p < 0:05 was set, and bilateral Newman-Keuls' post-hoc tests were performed.
Collaborative experiment In the right hemispace, the analysis revealed a significant two-way interaction SOCIAL CONDITION Â DELAY: (F ð7;168Þ ¼ 2:24; p < 0:05; 2 p ¼ 0:085). Sound in the right hemispace started to boost tactile detection when tactile stimulation was administrated between T3 and T4 (Post-hoc Newman-Keuls' test: p < 0:05) when participants performed the task in a dyad. In contrast, when participants were isolated, sound in the right hemispace started to boost tactile detection when tactile stimulation was administrated between T7 and T8 (Post-hoc Newman-Keuls' test: p < 0:001). Thus, sharing a goal with a partner Delay from T1 T2 T3 T4  T5  T6  T7  T8  T9  sound onset 0 375 750 1,125 1,500 1,875 2,250 2,625 3,000 (ms)
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Tactile stimulation Response button Looming sound a b Fig. 1 (a) Participants performed the audiotactile task by responding to a tactile stimulation while a taskirrelevant sound was looming towards them from the left or right hemispace. On each trial, one tactile stimulation was delivered at one among nine possible delays from sound onset (T1, T2, T3, T4, T5, T6, T7, T8, T9). Depending on the temporal condition, the looming sound source was reaching different distances from the participants' body when the tactile stimulation was triggered (from the farthest distance at T1 to the closest distance at T9). (b) Participants performed the task alone or in a dyad, seated side by side.
modulates right PPS boundaries (see Fig. 2 ). PPS right boundaries were farther away when participants were performing the task together with another individual than when they were isolated. No significant effect of the factor SEATING POSITION was found: the change in PPS boundaries location did not depend on whether the partner was sitting on the left or on the right side of participants. In the left hemispace, the results indicated only a significant effect of DELAY (F ð7;168Þ ¼ 36:77; p < 0:001; 2 p ¼ 0:605). Sound in the left hemispace started to boost tactile detection when tactile stimulation is administrated between T4 and T5 (Post-hoc Newman-Keuls' test: p < 0:001), whatever the social condition. Thus, our results show that PPS left boundaries were not influenced by the social context, i.e. whether participants were isolated or in a dyad. In contrast, right PPS boundaries were impacted by the social manipulation. The right PPS boundaries were located farther away from the body when participants were in a cooperative dyad than when participants were isolated.
Competitive experiment In both hemispaces, we found significant main effects of the SOCIAL CONDITION (left hemispace: F ð1;27Þ ¼ 25:60; p < 0:001; 2 p ¼ 0:488; right hemispace: F ð1;28Þ ¼ 28:90; p < 0:001; 2 p ¼ 0:517) and of the DELAY (left hemispace: F ð7;189Þ ¼ 49:25; p < 0:001; 2 p ¼ 0:646; right hemispace: F ð7;189Þ ¼ 56:56; p < 0:001; 2 p ¼ 0:677). Crucially, the interactions between the SOCIAL CONDITION and DELAY were not significant, neither in the left nor in the right hemispace. Our results show that, when participants were performing the task in competition with another individual, their RTs were speeded-up (in both hemispaces: Post-hoc Newman-Keuls' test: p < 0:001). This speed-up effect does not interact with the delay: PPS boundaries did not differ in a competitive context. Thus, lateral PPS were not modulated by the presence of a rival. However, we observed a main effect of the social context on RTs. Participants were globally faster when they were in competition, confirming that participants took into account the competitive instruction. Audience experiment In both hemispaces, we found a significant main effect of the DELAY (left hemispace: F ð7;168Þ ¼ 24:93; p < 0:001; 2 p ¼ 0:509; right hemispace: F ð7;168Þ ¼ 32:03; p < 0:001; 2 p ¼ 0:572). In this experiment, no effect of the SOCIAL CONDITION was found in both hemispaces. Our results showed that sound starts to boost tactile detection when tactile stimulation is administrated between T4 and T5 in the left hemispace (Post-hoc Newman-Keuls' test: p < 0:05), and between T6 and T7 in the right hemispace (Post-hoc Newman-Keuls' test: p < 0:01), be it in the isolated or dyad condition. As in the previous experiment, participants' PPS left boundaries were located farther than PPS right boundaries but none of them were influenced by the presence of another individual. Thus, lateral extents of PPS were not influenced by the presence of an inactive unknown partner. Those results affirm that the social effect reported in the shared goal experiment is not due to the mere presence of another individual. 1,125 1,500 1,875 2,250 2,625 3 , 000   T2 T3 T4 T5 T6 T7 T8 T9   T9 T8 T7 T6 T5 T4 T3 T2   0  375 
Discussion
Spatial arrangement of individuals is an important dimension of social interactions. The field of proxemics has widely studied humans use of space when they interact with each other. Yet, little is known about how social context modulates the processing of space. Here, we showed that collaborating with others modulates the perception of near space. PPS extent changed during collaborative tasks. Specifically, when participants performed a task in collaboration with another individual seated next to them, their PPS extended on the right side. This effect was not due to the mere presence of the other person given that PPS lateral boundaries were not influenced in the audience experiment. Moreover, no modulation was found when participants were in competition with one another.
Those results are coherent with the ones of Teneggi et al., who found a PPS modulation in the presence of a cooperative individual but not with a non-cooperative one [16] . It is also in coherence with a large literature indicating that social factors can modulate the way we apprehend the space aroung us [17, 18] . Surprisingly, the PPS modulation that we observed during collaboration was not dependent on the partner position in space. This asymmetry can not be explained by the position of the tactile stimulation. Indeed, when the hands are placed on the midline and in contact with the trunk, the protocol measures trunk PPS and the measure is independent of the tactile stimulation location [19] . Globally, those results indicate a complex modification of spatial information processing during tasks performed in collaboration, which questions the organization of motor control during actions in groups. When we collaborate with others, a supra-individual representation of the space of action could be at stake in order to adapt our individual motor control to an interaction as a group with the external world.
